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The Time of the Paramagnetic Spin-Spin Relaxation S0V/56-35-2-28/60
in the Absence of a Static Magnetic Field for
’ Co(NH4)2 (804)2.6 H,0 at Helium Temperatures
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used also for the calculation of the time Tas of the

paramagnetic spin-spin relaxation according to the
formula of Brur (Ref 3). The concrete calculations were
carried out for Co(NH,), (804)2.6 H,0 for helium

temperatures; the resu’ts of these calculations are given
in a table. The authox ‘thanks Professor S. A. Al'tshuier,
for this theme and for his interest in this paper. There -
are 1 table and 6 references, 1 of which is Soviet.

Kazangkiy gosudarstvennyy universitet (Kazan' State University)

April 4, 1958
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$/139/59/000/06/005/034%
At 7700 E032/B11h
AUTHOR: Ko;gvi'llemI U.Kh,.

TITLE: Spin-Spin Paramagnetic Relaxation Time at Low Temperatures
in Monoerystals with Magnetically Nonequivalent Ions

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Fizika,
1959, Nr 6, pp 21-30 (USSR)

ABSTRACT: In the present work, use is made of the methods developed -
by the present author in Ref 2 in order to study the
spin-spin relaxation in a spin system isolated from the
lattice and formed by the magnetic moments of N/2 ionms of
type (I,k) and N/2 ioms of tg‘pe (a,8). The following
approximations are made: 1) the field E at the point
of location of the paramagnetic ions has an axial
symmetry axis € ; 2) the axes € and ¢P corresponding
to magnetically nonequivalent ions k and B form an
angle of J-2a with each other; 3) in the correspondin§
principal coordinate systems (§K,4n, ¢X) and (§B,7 , B

the g-tensors of the k and ions have the same form;

4+) the effective spin of all the paramagnetic ions is llé;
C7rd 5) the spin-spin relaxation time is much smaller than the
1/3 spin lattice relaxation time; 6) in the spin system there
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8/139/59/000/06/005/03%
B032/B11%
Spin-Spin Paramagnetic Relaxation Time at Low Temperatures in
Monocrystals with Magnetically Nonequivalent Ions

are no energy gaps which separate different parts of the
spin system and which cannot be bridged by the internal
interaction mechanismj; 7) the paramagnetic absorption
curve in the absence of the static field H; has a
gaussian form; 8) the radio frequency field Hy is
small and the spin-spin relaxation time Ty 1is
independent of the intensity of excitation of the spin
system by this field, The Hamiltonian which satisfies
the above conditions is given by Eq (2), This
Hamiltonian is used to derive formulae for the reduced
second moment (p 23). The analysis is used to estimate
the spin-spin paramagnetic relaxation times in the absence
of a static magnetic field in the case of monocrystals of
Co(NHy)2(8S0y)2:6 Hx0 at helium temperatures.

Acknowledgement is made to S.A. Al!'tshuler who suggested

this subject, :

Card There are 2 figures and 11 references, of which 5 are

2/3 Soviet, 1 Japanese, 1 Indian and % English.
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24.7900 66886
AUTHOR: Kopvillem, U. Kh. sov/126-8-1-2/25
) e
on the Second

e
TITLE: Oon the Effect of Internal Interactioné
Moment of the Paramagnetic Resonance?Curve in the Case

of not Purely Spin Magnetism

PERIODICAL: Fizika metallov i metallovedeniye,

pp 8-16 (USSR)

(Refs 1-7) have calculated the second

moment of the paramagnetic absorption curve for

magnetically isotropic crystals. However, the results

obtained in these papers do not take into account the
the dependence of the

anisotropy in the g-factor,
character of internal interactions on temperature

1959, Vol 8, Nr 1,
ABSTRACT: Many authors

and effects due to the lack of coincidence between the

1 crystal e’ec
In the present wor )
Z (AV)2D of the paramagnetic
a) the g-factor is anisotropic;
_width is due to dipole-dipolebr//

direction of the static magnetic field Ho and the
symmetry axis of the interna tric field E.
k a calculation is maae of the
reduced second moment
resonance curve under the following assumptj.ons:
b) the paramagnetic line
anisotropic exchange Hloﬁ and hyperfine chmc-
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AC01/A101 '
Q24,7907 , _
AUTHOR: Kopvillem, U, .Kh,
TI®LE: Spin-spin relaxation time at the -absence of magnetic field in ethyl

sulfates and dinitrates of rare-earth elements at helium tempera-
tures - R

PERIODICAL; Referativnyy zhurnal, Fizika, no.10, 1961, 165, abstract 10V368 (V
sb, "Paramagnitn. rezunans", Kazan', Kazansk, un-t, 1960, 81 - 84)

aperiodic curve of low-frequency paramagnetic absorption in crystals. Magnetic
dipole-dipole and anisotropic exchange -interactions are taken into oonsideration,’ d
as well as contributions to the curve width caused by lattice defeots and unre- !
soived fine and superfine structures, In this connection, the value of the spin- .
spin relaxation time in the absence of magnetic field has been determined. It

is shown that the shape of the low-frequency absorption line depends strongly on
the orientation of polarization of the vapiable magnetic field, as distinot

from the curve of eleotronic paramagnetic resonance. Particular uwalculations are

TEXTz | The author derives formulae for calculating the 2nd moment of an /
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Spin-spin relaxation time ., A001/A101 -

performed for ethyl sulfates and dinitrates of rare-earth ions, In view of strag
anisotropy of the g-factor in these substances, the relaxation time is also

atrongly anisotropie, A method is pointed out for measuring small g-factors and ’,///
anigetroplc exchange interactions by the method of low-frequency paramagnetic lé%
asorption. e

U. Kopvillem

[Abstracter's note; Complete trlnslation]
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4 8/058,/61,/000/010/038/100
24,7700 A001/A101 :
AUTHORS Koloskova, N.O., Kopvillem, U. Kh,

PITLE: Even-order moments of the paramagnetic resonance line at strong-

magnetic dilution of a oryatalline specimen

PERTIODICAL: Referativnyy zhurnal, Pizika, 10.10, 1961, -160, -abstract 1ov;36 '(V
sb. "Paramagnitn. rezonans" , Kazan', Kazansk, un-t, 1960, 86-89)

TEXT} The authors derive theoretically a formula for calculating, at

small concentrations C of 'magnetioc lons in dieleotriosl orystals, even-order

moments in- the curve of paramagnetic resonance absorption of magnetic particles

with effective spin equal te . The formula contains elements of a tensor de. g

- -ggribing any two-particle spin-spin {nteractions between magnetio equivalent ~ : -
particles, depending on first powers of spin operators. <At an _isotropio g-fac- :

tor, taking into acoount only mgnetio-dipole-dipole jnteractions, the formula .

solnoides with the known result of C. Kittel and B, Abrahams ("FPhys. Rev', 1953, |

v, 51, 89lt), As ean example, 2nd and 4th momenis of electronic.paramagnetlc ‘

resonance - lines are caloulated for rare-earth lons in dinitrates and ethyl sul-

fates, The authors investigate distribution of spin-spin relaxation times in

card 1/2
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Even-order moments ... - . A0O1/A101

slusters of magnetic ions formed during magnatic dilution of a crystal, It is . A
established that in substances under consideration the shape of the electronic
paramagnetic resonance ourve at C = 1 is almost rectangular, At C—>»0 the curve

{s narrowing down in the center and the winga fall off according to the law Co'l,
where Y is frequency distance from the curve ocenter,

U, Kopvillem

[Abstracter's note: Complete translation]
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AUTHORS; Kopvillem, U.Kh., Mineyeva, R.M., Morozova, I1.D.

e e e TR T e

TITLE: On the theory of the width of the paramagnetic rescnapce line in
corundum with admixture of chromium

PERTODICAL: Referativnyy zhurmal. Pizika, no. 10, 1961, 159, -abstract 10v327 (V
- sb, "Paramagnitn. rezonans", Kazan', Kazansk, un-t, 1960, 92-94)

TEXTg The authors derived a formula for. aalculating the width of electro- .
nic paramagnetlc resonance iine in magnetic-diluted orystals, due to the presence '
of dislocations and inner stiresses. It 1s assumed that the spin Hamiltonian of
paramagnetic lons contains two parts; the main part is the same for all ions

and.it determines the spectrum of electronic paramagnetic- resonance; - the second
rart characterizes. the straggling of constants of the spin Hamiltonian due to 1137 '
straggling of symmetry axes of the crystalline field and 1t determines the ob-

seprved width of electronic paramagnetic resonance line. Particular calculations

are performed for cr ions im the lattice of corundum. A comparison of the cal-

culated and efperimental data shows that the strong anisotropy of the line

width in dspendence on direction of the statical magnetic field is explained by

Card 1/2
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On the theory of the width ... A001/A101
the contribution from the straggling of symmetry axes of the crystalline field, ”(ﬁ
Contributions to the line width due to interaction of Cr ions between themselves .5
and with Al nuclei are also caloulated, ‘

U, Kopvillem

[Abstracter's note:s Complete translation]
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AUTHOR: __ Kopvillem, UJO, |

TITLE: The second moment for t‘ix_m structure components in the curve of
. paramagnetic resonance on ions with arbitrary effective spin

PERIODICAL: Referativnﬁ zhurnal .Fizika, n‘o;iO,. 1961, .159-_-_1640, abstract 1QVv329
: (V sb, "Paramagnitn, rezonans", Kazan', Kazansk, un-t, 1960, 9%-98) i

TEXT¢ The author derived formulae for calculating the reduced 2nd moment Y
of the electronic paramagnetic resonance curve, pertaining to an individual com-
ponent of the fine structure, Calculations can be performed by means of wave
funotions, determined from the spin Hamiltionian of a paramagnetic-ion, A dase /
of equivalent and non-equivalent ions, in magnetic respect, is censidered, Ih
distinction from the results of M,N.L, Pryce and K.W.H. Steyens ("Proc ~Phys,

Soc.", 1950, v A63, 36), the formulae t&ke into account the dependence on “the g
Boltzman -factor which determines population of undisturbed energy levels of the }
epin.syatem, Moreover, the formulae are written in a form suitable for direct '
calculations in cases of ions whose Hamiltonian possesses axial symmetry. In

case of magnetic dipole-dipole interactions, the fine structure component

Card 1/2
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The second moment for fine structure components ... A001/A101 ;
1 1 idth, With increasing of magnetic quan-
|-2-> &> \-— “>possesses the maximum W

+Sm number m, “which characterizes function | m >, the crystalline gi:i:czgg;xzzs
the effectiveness of resonance spin-spin interactionsand the line o :
paramagnetic resonance becomes narrower,

U. Kopvillem

[Abstracter's note: Complete trana]:ation] -
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24.9900 S/139/60/000/03/039/045
AUTHORS : Koloskova, N.G. and.Kopviigzg{Ea}kh.

. "M————__

TITLE: The Width of the Magrnetic Resonance Line'in Diluted

Paramagnetic Monocrystals,with an Anisotropic g-factor
PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Fizika,
1960, No 3, pp 223 - 229 (USSR)

ABSTRACT: Kittel and Abrahams and also Glebashev (Ref 1) have
obtained formulae for the second and fourth reduced

" momént
oménts L (av)2>  and <@yt

of the paramagnetic resonance curve £(y) in non-
conducting.magnetically’diluted monocrystals. However,
these authors did not take into account the effect of

the internal electric field E on the interactions H

1
between magnetic ioms in the crystal. As a result, the
formulae obtained in Ref 1 cannot be used in the analysis
of experimental curves for £(Y) and the calculation of the
constants characterising the internal interaction in
paramagnetics. The present paper is concerned with a
spin system consisting of cN magnetically equivalent
paramagnetic ions with an effective spin S =1/2 and

Cardl/3
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s/13 9/60{000/03/03 9/045
1

The Width of the Magnetic Reao_nancgoziéno}ln Diluted Paramagnetic
Monocrystals with an Anisotropic g-factor

Card2/3

an anisotropic g-factor. The effect of the internal
field B on the interaction Hl is reduced to the

derivation of the functional dependence between £(V),

< (A\’)z) and < (AV)q.l on the one hand, and the
elements of, the g-tensor and the coefficients of the eigon-~
functions 1§:> of the paramagnetic ion, on the other.

Such a functional dependence can be used to predict the
half-width 1591/2 of paramagnetic resonance lines, to

calculate the exchange integrals Ilk between magnetic
jons i aend k and to use the extensive experimental
material accumulated by the paramagnetic resonance
methods in the study of internal interactions Hl in

paramagnetics. All the internal interactions in para-
magnetics which can be written down in the form of a

tensor operator depending on the spin variables of two
paramagnetic ions, are taken into account. The tensor

'd
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The Width of the Magnetic ResonanBl’f{f3l%

in Diluted Par i
Monocrystals with an Anisotropic g~factor amagnetic

Qperators for dipole-dipole and anisotropic exchange
interactions are taken as an example. 3The theory is
used to calculate Av 1/2 for the Nd°% ion in

(La(C2H5504)3'9H20 « It is found that in this case
(Ref 4) 4;“1/2 ~~ 15 Oe, = which is in good agreement
with experiments. This shows that AV

7 1/2 is entirely
due to magnetic dipole-dipole interactions between
Na>*  ionms.

There are 1 table and 7 references, 4 of

which are English and 3 Soviet.
ASSOCIATION:

Kazanskiy gosuniversitet imeni V.I. Ul‘'yanova-Lenina
(Kazan State University imeni V.I. Ul'yanov-Lenin)
SUBMITTED: July 6, 1959 b*//'
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conducting Paramagnetic Single Crystals on BO0O6/BOTO
Two-particle Spin-Spin Interaction
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Uliyanova-Lenina (Kazan' State University imeni V. I.
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SUBMITTED: March 4, 1959
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T 82999
§/181/60/002/008/018/045
B006/B0OT0
0
2470 |
AUTHOR: Kopvillem, U. Kh.
——
TITLE: Theory of Cross Relaxation on Magnetically Dilute Crystals

PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 8, pp. 1829-~1834

TEXT: The purpose of the present work is to derive formulas for the
calculation of the probability of transitions due to cross relaxation,
taking into account the single-particle and two-particle spin-spin
interactions of arbitrary type in magnetically dilute diamagnetic lx
crystals. The crystals are assumed to consist of magnetic ions of the

type « which are distributed at random in the crystal lattice. Cy &1

holds for their concentration; Cy. The general theoretical results are
applied to estimate the order of magnitude of the paramagnetic cross
relaxation time in corundum that contains ¢rJ* ions. For three different

crt ion concentrations, namely, C = 14,102, C = 39,10~4, and C = 5..10“5
ions in A}203, the following times were cbtained: 61, 14, and <« 14psec.
The results, obtained by the use of a very large number of formulas,
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most of whioh are not derived, and by assuming the notation and results
from a large number of appropriate publioations, are briefly discussed,
There are 16 references: 6§ Soviet, 9 US, and 1 British,

ASSOCIATION: Kazanskiy gosudarstvennyy universitet imeni v, I.

Ul'yanova-Lenina (Kazan! State University imeni v. I,
Ul'yanov-Lenin)

SUBMITTED December 30, 1959
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86867
S/141/60/003/005/022/026
é.8000 (3 20/, /099, /62, //«/l/) E192/E382
AUTHORS 3 Kolioskova, N.gG. and_Kopvillem, U.Kh
TITLE: The Possibility of Exciting Free Nuclear Induction

by an Ultrasonic Pulse

PERIODICAL; Izvestiya vysshikh uchebnykh zavedeniy,
Radiofizika, 1960, vol, 3, No. 5, pp. 904 - 905

investigated, It is assumed that a longitudinal sound wave
bPropagates along the crystal axis (110) of a cylindrical
sample of a crystal with a cubic lattice. The sample
contains N identical magnetic nuclei having an electric
quadrupole moment Q - The directions 2 and y are
determined by the spherical coordinates @, ¢ and

/2 + @ ¥ where (110) is the polar axis and ¢ 18 the
azimuthal angle measured from (0Q1) ., It is assumed that
the times of the transverse and longitudinal magnetic
relaxation (’I‘2 and ’I‘l) and the transient time of the

Card 1/5
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The Possibility
Ultrasonic Pulse

standing Sound waves ip the crystal
T, > tv and
is the Larmor

condition Tl’

wo = ‘YHO

strong static magnetic fielq Ho

ratio,
of magnetisation along the axes X, y,

of an ultrasonic pulse having a duration
are as follows:

for

8 = 3/2

frequency nmo

Card 2/5

(t,)
At >y 2™ /o,
Precession of the spins g
and y

The €quations of motion for the macroscopi¢ components

of Exciting Free Nuclear Induction by an

fulfil the
where d
in a

is the gyromagnetic

under the influence
At and carrier

e

o
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K, is thie displacement of e tase of the cylinder, Cll.
C@ of the tcnsor relating the gradient
of the electric field in the nucled

tensor, Y is the

ard are the elenents

the deformation
constant anpg

It iz seen that the

'anti-scrcenix ~~~~

oy

oo
Zr Z  are unit vectors,
Conponents of the Macroscopic vector )
a frequency W  when the Ultrasonic po

« The calculations for the nuclei
2L K3r showed that the strength or the signal determined by
Beo (1) was equal to the strength of the normal 8signal

¢ Lthe nuclear inductance at room temperature
’r\

-

0w

X, X~ and
will oscillate
: geygrator is switched
Br in the crystal

t
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~
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1.4 9

—~ » and H . 104 gauss,

The ultrasonic pulse
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and Electron Paramagnetic Resonance Line ip Ma'gnetically Dilute
Crystals

form given by Eq (1), where a=j§¢ ¥y H o is the
Hamiltonian of tlale unpertgrbed spin-system, H is the
perturbation, H and ﬂe are the Zeeman and Stark

energy Operators of the bParticle g in statijc magnetic
and electrijic fields Ho and E, respectively, Su are

characterizing tw0-particle 8pin-gpin interactiong
between magnetic Particles i (Kopviliem Ref 4),

and  a
It is shown that the ratjio <(A\’ )4>/<(A\))2>2 increases
with decreasing temperature, which can be interpreted as
& contraction of the central part of thg line, Other
Card 3/, thingsg being equal, the Quantity < (Av)
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Acoustic Excitation of Free Nuclear Induction in Cubic Crystals L){
calculated, It isg shown that an acoustjc bPulse causesg
Oscillations of the non-equilibriym macroscopic components of the
electric quadrupole moment tensor of the spin system,
Acknowledgments are made to S,A,Al'tshuler, R.A.Dautov ang
B,I.Kochelayev for their advice, The paper ig entirely
theoretical, There are 13 references: 4 Soviet and 9 non-Sovijet
(one of which ig translated into Russian),

ASSOCIATION: Kazanskiy gosudarstvennyy Universitet
(Kazan State University)

SUBMITTED: May 16, 1960

Card 2/2

B
CIA-RDP86-00513R000824520007-3

APPROVED FOR RELEASE: 03/13/2001



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-0053R000852-3 |

SiSpr s LA

KOPVILLEM, U.kh.

Second .mesfueief the paramagnetic absorption line with allowance
for fine and hyperfine structure. Zhur. eksp. i teor. fiz. 38
no.1:;151-156 Jan *60. (MIRA 14:9)

1. Kazanskiy gosudarstvennyy universitet.
(Paramagnetic resonance and relaxation)
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AUTHORS: Kologkova, N. G., Kopvillem, U. Kn,
== —— .y\
TITLE: The Shape of the Lines of Nuclear Acoustic Resonance

PERIODICAL:; Zhurnal eksperimental ‘noy 1 teoreticheskoy fiziki, 1960,
Vel. 38, No. 4, pp. 1351 - 1353

TEXT: Within the framework of the quantum theory of irreversible proc-
esseg, the authors investigated the character of the interaction be-
tween an ultrasonic field and a nuclear spin aystem in a cubio crystal,
and showed that the experimental data on acoustic magnetic regonance y\
(acoustic resonance absorption, relaxation brocesses in acoustically ex-
cited spin systems) cannot be satisfactorily described by means of the
theory of nuclear magnetic regonance (Refs. 1,2). For the shape A(w) of
acoustic resonance absorption lines, a formula (1) is given, which holds
for the case in whioch a longitudinal sound wave penetrates the crystal X
in the [110] direction, and a strong static magnetic fielg 3” z forms
the angle © together with the [110:] axis. According to this formula, the

" absorption curve A(w) consists of a number of Gaussian lines which are
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AUTHOR:  Kopvillem, U.Kh. ’
TITLE:  Paramagnetic Cross Relaxation in Crystals with

Anisotropic g-Factors

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy,
Fizika, 1961, No. 3, pp. 50 -~ 55

TEXT: Considering the strong effect which the ion
concentration of paramagnetic particles in a diemagnetic single
crystal has on the change in the population of the energy

levels of a non-perturbed spin system of a paramagnetic

exposed to an alternating magnetic field, the author develops
relationships between the probability of the relaxation tran- 1
sitions in unit time, the time of relaxation, and the aniso- ij‘"“
tropy of the g-factor and the lattice structure formed by the
magnetic ions randomly distributed within the diamagnetic crystal
The resulting formulae for the calculation of cross-

relaxation time in a diamagnetic crystal containing traces of
bParamagnetic materials showed that at helium temperatures the

pProcess of spin-lattice relaxations is preceded by the transfer
Card 1/3
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AUTHORS : Koloskova, N.G. and‘xgpxillamT—Uth.
TITLE: Ultrasonic nuclear induction in dielectric crystals

PERIODICAL: Izvestiya vysshikh uchebnykh Zavedeniy, Fizika,
no. 4, 1961, 48 - 53

TEXT: The spin-echo method is being widely used in the study

of paramagnetic spin systems (Ref. 1: I.J. Lowe, R.E. Norberg.

Phys. Rev., 107, 46, '1957). The aim of the present paper is to
investigate the bossible application of various pulse generators

to the excitation of paramagnetic spin systems in crystals,

e.g. light Sources, ultrasonic generators, cold neutrons, /*/

variable magnetic fields and so on. If the operator H2 s which

and electric quadrupole moment operators of the spin system

(p and Q) and, moreover, the generator produces sufficient
bower and the duration of the pulse is much Smaller than the
relaxation times Tk of the non-equilibrium compaents u and Q,
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Ultrasonic nuclear induction ..., E032/E314

then the pulse method may be used to Mmeasure the dynamic

characteristics of the spin system, i.e. the times Tk and the

magnitudes of the matrix elements <kl|H (the constant of
2 .

interaction between the magnetic particles of the pulse
generator). The authors discuss the case where the "instrument"
is a spin System with an axial Symmetry, while the "scale of the
instrument" gives At and the average value Cr(At) Y of

be used to determine the matrix element of the nuclear spin-
lattice interaction operator in crystals, A quantum theory of
the indications of the "instrument" is developed for the case
where the generator interacts with each magnetic particle
Separately. The paper is concluded with a discussion of the
bossible detection of free nuclear brecession in cubic crystals
excited by an ultrasonic pulse.
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references:
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ASSOCIATION
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AUTHOR: Kopvillem, _g.lsh
TITLE: The possibility of observing the fine structure of electron-
ic and nuclear spin echo
PERIODICAL: Fizika tverdogo tela, v. 3, no. 3, 1961, 754-756

TEXT: The spin echo method is very common for the measurement of times To

end T1 of phase and thermal nuclear magnetic relaxations in cubic crystals.

The present paper gives formulas for the calculation of the initial intens- ‘

ity and the form of the signal of the free magnetic precession and the spin ‘%

echo caused by transitions related to a certain allowed fine-structure com- e
ponent of the spectrum of nuclear or electronic¢ magnetic resonance., Further,

a method for measuring the characteristic parameters of the lines of each

fine-struoture component of the magnetic resonance spectrum is discussed.

The spin system is described by the Hamiltonian 7[:1’0 + X Jf0,= %f(?tfx»l’é);

](1 - ;fss'H?sl’ where xo is the Hamiltonian of the unperturbed system having

card 1/5
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‘axial symmetry with respect to the z-axis; 3?1

) _ i
spin-spin (ZBB) and spin-lattice (fsl) interaction; WSBS>1;1;0FZ and XE are

is the perturbation caused by

the operators of the Zeeman and Stark energy of the jth particle in the
static magnetic fisld Hoﬁz and in the E-field, respectively. It is aasumed

that no equidistant pairs of energy levels appear in the spectrum of a
single particle, and that the field H1 rotates in the xy plane with the

angular frequency Op1 = ?\.'1(Ek-El), where E, and E, ere energy-level paire

with the eigenfunctions lk = m+1> and |1 = m); m is the magnetic quantum
number, At the time ta0, the temperature of the 8pin system is egqual to T;
the duration of the r. f. pulses acting on the gample is tw< T1, T2, Using

the formulas for the density matrix, formulas are obtained for the calcula~
tion of the mean value ¢, (t)> k1 ©f the magnetic moment x(t) of the spin

system, the time t being reckoned from the instant the pulse is cut off.
The formula is:
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<P (Om =1 <8 O+ s O [503 2 k[ 5, 1) — 117, ()
+ Al (2SI Opusin@ck|S, [ Dotyx
X ('_Si"'[‘f_’u (ta+1)]— Y°°é [on (t-+1,))), S V)
. q_g (0)>=Ngbﬂ (2 A'm’) (EA')—"’ ‘;!=h-‘gipﬂl.y( .A.:ﬁ C.XP (-—k—ﬁ;,.-) ,.

r

w(0p,, =Ng’9 [%(Al - A,)] [EAr] o

: ‘ ’ (-] B ] 1

v‘isg.gii':: b%aw of fading of the nonequilibrium components of the vector (u(t)) \7[

= Y the correlation functions f1(t) and £,(t). If the form f Ft . |
g(gkI) 1s a Gaussian or Lorentz function, then f ?t) = exp( 2 2 o 25
: fz(t)1/§-up (-at), respectively, where am (2«)'$?<(4v)2>p ) )kl/z:am -
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@iy The initisl value'of he ampl £ the signal of the fres

e v ‘value t amplitude o e al o IN s

S -?1223?;;; e initia o e amplitude ; sign e free
‘magnetic precession ig given by Qp(t-O))kl, where 2<k13xll>“tw = 7/2. fThe 7
-amplitude of the spin-echo signal-is determined by the value of <ﬁ(t’)>k1 in’

the xy plane. Por a large disloocation density in the orystal, only the spin- R RS
echo signal can be observed; the electron spin echo can be observed at helium
temperatures in crystals which have no magnetic nuclei. - In this case, the

g(ukl) curves may also be studied by the pulse method using the relation be-

tween g(ukl) and f,(t). The function £,(t) is determined by X;l and the

crose relaxation brocesses; for studying these interactions, the Z-component
‘of <ﬂ(t)>kl must be twisted in the Xy plane by the secondary. If S = 1/2 ig

substituted in (2), the known result of I, J, Lowe and R. E. Norberg (Phys. S
“Rev. 107, 46, 1957) ia obtained, which holds when E = 0. There are £ ref- .

" erencest 4 Soviet-bloc and 2 non-Soviet-bloo. . co T
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AUTHORS: Kopvillem, U. Kh., and Korepanov, V. D,
oopviilém, U. Kh.,

TITLE: The appearance of hypersonics on saturation of paramagnetic
resonance in orystals

PERIODICAL: Fizika tverdogo tela, v. 3, no. 7, 1961, 2014-2022

TEXT: On saturation of paramagnetic resonance in crystals the population .
difference Anab-na'nb of an energy-level pair (Ea<Eb of magnetic ions >

can become negative. If a waak variable magnetic field of amplitude H

and frequency wba-A'1(Eb-Ea) acts on this crystal, a radiation (photon !

production on account of magnon annihilation) is induced, which exceeds
the induced absorption. Thus, the magnetic field is amplified, or a
variable electromagnetic field is generated if there exists no external
H field. Theoretical investigations of S. A. Al'tshuler (zZHETF, 28, 38,
49, 1955) as well as experimental studies show that on excitation of a
Paramagnatic erystal by hypersonics of frequency Wy o and amplitude 4,
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there occurs a forced. production and annihilation of magnons and phonons
(instead of the photons). What has been said above holds if only one says
"phonon" instead of "photon" and npn instead of ngn (4 - amplitude of
lattice vibrations), If magnetic as well ag hypersonic excitation exists,
there take place different interference effects in the crystal, which can
be used for the indication of electromagnetic ang sound fields. The object
of the theoretical inveastigations described here was to classify the effect
and estimate its order of magnitude. A nonequilibrium state of g 8pin
system, caused by the saturation of paramagnetic resonance ig considered,
where the self-excitation of hypersonica in the crystal is possible at the
cost of the energy of an alternating field. Parameters are introduced by
which the- conditions for the appearance of the reversepiezo-magnetic effect
can be determinsd. Taking into account the existing theories and the
éxperimental results on acoustic magnetic resonance and on the change of
constants of the crystal field by pressure, the Piezo-magnetic parameters
of a number of crystals including electronie, nuclear, and mixed spin
systems are estimated. The values obtained for the sound quality factor Q

are given in a table. Q; is defined by Q -[FC]-1wba- [27(;’ -19“'12>a’ where
Card 2/6
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Qis the orystal density, C the sonic velocity in the orystal in the x-
direction, and Fis the spund-absorption coeffiocient of the spin H system.

Further, Q3-conatant %% for S)1/2, and Q,-constant EA; for S'-1/2 and for
Ov

rare-earth ions. The quantum-mechanical "temperature", T, for level

rairs is determined from the relation dnab/(namb)-th(hvba/kT). S is the

effective apin of the paramagnetic lon, A is the half-width of the line

in frequency units, and @ is the concentration of magnetic ions in the
orystal. At the present level of experimental technique, hypersonics oan
‘be excited as a result of interaction betwaen crystal lattice and electron-
ic or nuclear spin in magnetio ions, Pinally, the indication of electro-
magnetic and sound fields by means of interference phenomena is briefly
discussed. First of all, the production of hypersonics having frequencies

}1O1ocps is discussed, Using a klystron with v~1011ops and the harmonic
eross relaxation, a negative population difference (]Ea-Ebl.,}hv) can be

created on the levels and sound of the corresponding frequency generated,
The change of the amplification factor of the amplitude H on the levels
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E‘ and Eb due to self-excitation is used for the indication of hyper-

senics. The reverse process is analogously used for the indieation of
the electromagnetic field. The authors thank 8. A. Al'tshuler for a
discussion. There are 1 table and 28 referemces; 9 Soviet-bloec and 19
non-Soviet-blec. The -most important references to English-language
publications read as follows: XN. Bloembergen. Phys. Rev., 104, 324,

19564 M.W.P.Strandberg. Phys. Rev. 111, 1268, 1958; E., H. Jacobsen et
al. Phys. Rev. Lett., 2y 814 1959,

ASSOCIATION; Kazanskiy gosudarstvennyy universitet im, V. I. Ul'yanova-
Lenina (Kazan' State University imeni V. I. Ul'yanov-Lenin)
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- . AUTHORS:  ° Kopvillem, U. Kh., Korepanov, V, D. S
: . - - : - i e
. TITLE: The possivility of generation and dmplifioation.df_ S

' PERIODICAL: Zhurnal eksperimentaltnoy i teoreticheakoy figiki, v, 41,i -
: © no. 1(7), 1961, 211-213 -

. TEXT: In this paper the interaotion between a nonequilibrium para- RS
- magnetic spin system and orystal lattice is,invest;lgated theoretically; .
the conditions in which the spin-lattice interaction lecds to the R
. excitation or amplification of wltrasonics in orystals are studied, The
~authors start from the theory of S. A. Al'tshuler (ZhETP, 28, 36, 4 _
1955) which has been verified experimentally (E.H.Jacobsen et al., Pitys. - {

. Rev.lett,, 3, 81, 1959). According to this theory phonons can be -Produced! /.
: - or annihilated in paramagnetic orystals under the action of ultrasoniocs - :

of frequency 'pa = (Eb-Ea)/h'viOm.cps on account of annihilation and ]
;  production of magnons.. The operator describing the'interaction of the ! ‘
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‘magnetic ion i-with the variable magnetic field (R«H) and the sonic’ ‘
field.is: - , N : . .
Ty = cos (wna) R 3} [<a| 416> - <o | ]a)] R
' = . . (3) v SRR I
Here t is time, R amplitude, R<a|”®}b) the matrix element of the tramei. | -
tion of ion i between the states {ajend {b) under the action of the R
perturbation 2{,1. The imaginary part of the susceptibility and the . e

quality factor of the crystalline sound generator are given by:
U5 MR = @A) Ang<a] 6P g (vee, ¢ @, " L

- - - - 14 ..

| Q= (g, Qa = wp) Fo= (0) pul,, ‘.
- where T, is the population faotor, F the sound absorption coefficient, =
- § the crystal density, ¢ the velocity of sound in the crystal,‘g(vbe'.) the |

i

~ normalized form factor of the absorption curve of the magnetic or acoustic
energy due to the spin system, and V the volume of the crystal. QA is

estimated for a Ni°T Yon in NiSiF¢+H,0 in the'presence of a static field '

-
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Ho perpg_n_d(ioul\ar to the symmetry axis (z) of the‘oi'yatal.

‘Qu~T@S +1) kpAci2nv,Naly | Ca| 216> ]2 (0D/8X ;)P = (5)
' e /Nv )

== 6,38 .101 T/y

where k is the Boltzmann constant, i the number of N12+,1ona per on};, :
S the 8pin, A the width of the line of magrietoacoustic resonande, u5‘3 the

elagtic constant, and T the temperature,
computed:

azz < 0.5.1012 dyne/cmz, A= 3.2'109

‘)D/?Xzz ‘= -3.'.37-10"26'erg.cm2/dyn;-, 1<al s:l

and _'vba P 101ocpa one obtaing QA ~2 63,8,

Ccara iz

) e o .%hw' e e e '
' . .8/056/6 £041/001/015/021 " . |
- B102/B214 . T

The following conatants are

cpo= 2.510"" (anfsec)?, y* . 4-20%", ¢ . 2,08 g/on’

ops, . :

py[% a0,
 The Ni-Ni distance in the lattiee 1o assuned to be 6.27 £ For 7 1%f .
A s{gnifioantly asmaller value

is obtained for Cr ions, ,To'illustrate the above, some possifle model’s .
. of ultrasonig generators and amplifiers working with NiSiF6.6H20.are '
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8Pin system for the deteotion of acoustic or electromagnetio signals is
also. discussed, This is Acoomplished by the method of doubled magneto- .
ultrasonic rescnance in the presence of g strong variable magnetic field, i - IR
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AUTHORS : v Koloskova, N. G., and Kopvillem, U, Kh.
TITLS: Theory of the shape of the nuclear acoustic Tresonance line in

cubic crystals

PERIODICAL: FPizika tverdogo tela, v. 4, no. 3, 1962, 697-699

crystals (the Hamiltonian of which is x-:-Io +Z, 11 =211 +%2) has

been studied in the quantum-mechaniecal theory of irreversible processes.
Here,él% is the operutor of the Zeeman nuclear energy,9Z11 the operator

TEXT: The form J«“O of the magneto-acoustic resonance line in cubic - -gf/ }

of iwo-particle spin-aipin interactions;ﬂm the operator of the quadrupol e

nuclear energy caused by dislocations in the crystal. fThe longitudinal
sound wave is assumed %o Propagate along the (110) axis. For trangitions
with Am = + 2, 7 was assumed to be perpendicular to the (110) axis, 1f
the contribution of the satellite lines is neglected, then
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interaction in erystula. 5. g Al'tshuler ig thanked f i

| stu 8. Al . <3 s ank for disoussiong,
There‘\:re 10 references:3 doviet and 7 non-toviet, fhe four nost recent
1:ofe§cnces to Enulish-languagc bublications read as follows: w, ¢
froctor, . H. - rtilla, Phys. Rev y 101, 1757, 15 . lienes, D.
: 1’ . y ’ 56. ule ienes, p., I,
Eolef. fn,ys:I ch., 109, 218, 1958; R. L.oudon. rhys. Rev., 141 ,}919, 1960;
L. Utsuka, J. Phys, s5oc. Japan, 1 1155, 1958; E. F. Mas s
Fhvo. Beel. i1 ROt Thas s y 13, 25, 58; Taylor, N. Bloemberﬁen,

ASS0CIATION: Kazanskiy gosudarstvennyy universitet (Xazan! State
University) f
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TITLE: Spin-apin interaction between the nuclei of paramagnetic
iong through the phonon field
PERIODICAL: Fizika tverdogo tela, v, 4, no. 11, 1962, 3340-3342

TEXT: It is ghown that atvery 1ow concentrationg (C&L1) of the magnetic /
centers an exchange between nuclear spins ig possible via virtual phonong

in dielectric Paramagnetijc crystals algo, The interaction is assumed to

be materialized by the annihilation ang production of magnons, accompanjed

sublevels of the Ragnetic ion ang (2) mutual reorientation of the nuclear
.(I) and electron spins (S). an interaction of the type (2) ig likely to
be weak in paramagnetic substancesg. In case (1) where the interaction of
the nuclear 8pin with the lattice goes through a hyperfine interaction of
the nucleus with the electron angd through spin-orbit coupling, the
intensity of the e2xchange interaction decreases as 1/}13 (R is the distance
Card 1/2 Eos .
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1 2 i
between two magnetic ions). : It ig g dipole-dipolwintoraction with
respect to the nuclear spin, amd a multipola-mulﬂipole interaction with :
respect to the electron spin. There is 1 table, r . /
¢ k
7
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Lenina (Kazan' State Univer_ai,ty imeni v. 1. Ul'yanov-Lenin);
Piziko-tekhnicheukiy institut Kazanakogo filiala AN 8sSR
(Physicotechnica] Institute of the Kazap' Branch AS yssg)
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AUTHORS : JKRonvillem, U,Xh. and Mineyeva, R.M,

TITLE: Free uuclear induction in the absence of a rmagnetic
Tiecld

PERIODICAL: Fiwzika metallov i metallovedeniye, v.13, no.5, 1962,

653-657

XT: The wethod of steady state magnetic anc ultrasonic
€Ctroscony, whichk involves the determination of the snectrum

v:ilance avsorpiion Dy tire spin system of the high-frequency

ic and ultrasoniec field, suffers from the disadvantage -that

tiie absorpntion spectrum depends on combinations of the spin-

sysiem parameters in a complicated fashion and provides no

information on short-lived excited states. The present paper is '/'
concerned with the possible application of pulsed generators in "l
magnetic and ultrasonie spectroscopy. In this method the spin- d
system 1s brought into an excited state during an interval of time
which is sufficiently short so that the magnetic particles do not
sSucceed in interacting wiih each othier and their envirouniient., The
senerator is then swiiched off and the average values of the

-~
guanti;ies characterizing the substance are measured, e.,gz. the
ard 1/2 .
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ts of the magnetic or electric auadrupole momentsof tle
ystem, A narticulgar feature of the pulse method is that it
possible to neglect the effect of internal interactions on
experimental results., The only limitation is the requirenent
e Hamiltonian representing the interaction of the spin- /
witn the generator should tzke the form of a sum of single- o/
cle owperators for the magnetic particles, A theoretical -
5is of the magnetic and acoustic excitation of a spin-systen
e absence of a constant Mmagnetic field is given and an
s
i

3

[
Do 0
o<
po
Ko
fu}
o]
7
17
)J
[o
[~

[ 2
Qo
cr

[

o

D
e

PO B I ¢

4]

N oek bl oot
<

‘\
o}

®Ssion is obtained for the expectation value of the operator
nich: was introduced by the authors in a Previous paper

ZhETF, 1961). An estimate is made of ¢ross effects which
aprear as a result of the action of two-pulse magneto-acoustic
sélerators on the Fpin system,
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S
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TITLE: Pulsed excitation of systems of weakly interacting partiocles

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 42,
no. 5, 1962, 1333-1343

TEX?: A system of particles ig considered in which the particles interact J/%
weakly with each other but, for a very short period t, react strongly with V'
an external pulse generator, The time t is stated to be much shorter than
the characteristic time T of interacti¢n between the particles. During t

a selective excitation of the system occurs. The operator of interaction
between system and generator will be a single-particle one with reagpect to
excitation of the physical system so that a general solution of the
Schrddinger equation for the conservative unit "system + generator" caa be
obtained, independently of the nature of the system and the generator.

This solution can be applied to calculate the equations of motion of
Racrogscopic quantitieg characterizing the non-equilibrium state of the
Kany-particle system with a discrete energy specirum, subjected to the

ard 1/3
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Pulsed excitation of aystoems ... B102

exciting pulses. The study of such a non-equilibrium state is of interest
for obtaining "negative" temperatures, investigation of relaxation ;
processes and pulse spectiroscopy. These states, however, can be attained
only if 1&4% and 6t - x. Simple algoritams for the operator transformae Lo
tions related to pulsed excitation are derived. The general properties »,;#4
of the pulse generators are established as well as those of physical o
systems leading to oscillating and to steady response signals of the

exclited system. As an example, the resulting general relations obtained

are applied in studying the non-equilibrium states of electron and

nuclear spin systems produced by crossed magneto-acoustic excitation. For
this purpose a dielectrical paramagnetic crystal is considered. The

prospects of developing pulse techniques for investigating systems of eleg-
trical and orbital magnetic moments are discussed. The most important
English-language references read as follows: I. J. Lowe, R. E. Norberg.

Phys. Rev. 107, 46, 1957; W. B. lims et al. Phys. Rev. Lett. 7, 2, A%. U.
Pano. Rev. Mod. Phys. 29, 74, 1957; W. Bernard, H. B. Callen, Rev. Mod.

Phys., 31, 1017, 1959. :
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| AUTHORS: Koloskova, N. G.; Kopvillem, U. Kh.
i : B TR T A I e

gTITLEi Theory of nuclear acoustic Iresonance line shape in cubic

. CXystals

i . . . .

:CITED SOURCE: Sb. PFiz. probl. spektroskopii. T. 2. M., AN SsSSR,
11963, 133-135 : -

1
{TOPIC TAGS: nuclear acoustic resonance, magnetoacoustic resonance,
spin photon interaction, spin phonon interaction, line shape, line

‘'width, absorption line shape, isotropic exchange interaction, non-
radiabatic moment

TRANSLATION: A quantum-statistical theory of magnetoacoustic reso-
:nance is developed. It is shown that a noncritical extension of the
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deductions of the general theory of ordinary magnetic resonance to f
;include the case of excitation of a spin system by resongnt phonons
‘leads to considerable errors. Whereas spin-photon interaetion is de- -
‘scribed by a linear function of the spin variables, Sspin-phonon inter- .
action is in many cases bilinear relative to the spin of the nucleus |
(Or of the ions. The commutation rules, which determine the specific
- {form of the solution of the Schrodinger equation, therefore give rise.
‘to many distinguishing features of magnetoacoustic resonance. Ex- i
plicit formulas are presented in the paper for the calculation of the!
ishape of the absorption line. Unlike magnetic resonance, isotropic
‘exchange interactions broaden the central part of the magnetoacoustic

‘resonance line. The presence of dislocations in the sample also

‘onadiabatic moments of the absorption curve are calculated in the
Paper. U. Kopvillem. ' .

| DATE ACQ: 03Mar64 - . . 'SUB CODE: PH ENCL: 00 .
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TITLE: Theory of two-quantum magneto-acoustic transitions

PERIODICAL: Fizika tverdogo tela, v. 5, no. 2, 1963, 667 - 674 °

itions (ef. N. 3, Shiren, Phys. Rev. Lett., 6, 168, 1961) are caloulated on
the basis of approximate linear theory of irreversible pracesses. Such g
theory is applicable when the actions of the two external fields are weak

enough to be replaceable by one effective field, The two-quantum transition
probability is calculated for the discrete spectrum of a system of N identi-
cal nonintcracting particles with 8pin S, whose Hamiltonian ia )

% - jﬁtﬂ. The rosul ¢ 4g*= ToR .,Eu(xﬁ..|'IW.).,I'(wm-m-»"‘fl(’?‘>n-l‘l<85)é£.?' -
e XCurna e Re () KA x (D
X ((“’1*“”@)(‘”.«4‘“’.2))_') Batvy— u)+a(*lf“1“;ﬂ%"': o
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TEXT: The probability and line shape of magneto-acoustic two-quantum trans- Jl/
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is obtained for the energy absorbed per unit time, being accurate vp to the"

second moment 0 ~in rigid-lattice approximation, The results obteined for . AR
the second momerﬁ represent g generalization of those of M. N. H. Pryce and
K. W. H, Steveng (Proc. Phys. Soc. 463, 364 1951), fThe results gre applied

to the example of the N12+ ion in Mgo. The theory makes 1t possidble to .
eliminate the effects of dislocations, the resonanoce terms of magnetic di= '

For the NiZ* paramagnetic ions the adiabatic second moment is.e.g. obtained
as 050 - gc((da)g) without dislocation and magnetic dipole interaction feao:;
nance contributiona. ¢ is the N12+ 'concentration and ((A‘,)2> the,Van—Vleck;, L .

8econd moment, There isg 1 table,

ASSOCIATION; Fiziko—tekhnicheskiy institut Kazanskogo filiala AN $3SR l
(Physicotechnica) Institute of the Kazan' Branch AS Ussr) | -

SUBMITTED; July 23, 1962 (initially)
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TEXTs The.possibili ti?.?'?éh.‘!;p'ul].IO ,mefhod ‘of ma
copy are brought out by the example of a spin system excited by & high-

frequency sound pulse without constant magnetic field. These cnlculatior{i‘i R
', are made to establish & connection between the mean valu

LT
gnetic and sound spectros.

; ‘ parametets Ay B,, V.A;f

”’-:.‘ R VIR ST e L . . . . .
[ 4y (SI8% + SLsi)coswt 3+ B, (sls] SiStsinwgt), -

oo L e e :

Pl “’ A R
of the interaction between the sound field and the spin system, Experi- . -
*| mental measurements of <,u-$ in the instant A t=t permit the investigation A
] of the/apin-phonon 1nterao“1prp in orystals. The solution of the Sohrbdinger .~
L. Card 1/3 . . e e S O U T
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T0PIC TAGS: quantum mechanics, maser, laser, virtual temserature,’ relaxation tran-
sition, photon, phonon, magnon, spin plonon interaction, spin photon interaction

ABSTRACT: The temperaturs velue in a quantum-mochanical system of identical .
veakly interacting particles is one of the most important dynamic characteristics.
Vihen the transition Eo¢ @ Ega(individual values of the Hamiltonian of the
separate particles) is caused by the simultaneous effect of u % 1 excitation quants
the temperature does not uniquely define the dynamics of the system. The concept

of virtual temperature, . '

‘._V$T=01ch" 7= 1,.. o Uy

is introduced, characterizing the system relativo to the quantum hdf s which per-
mits the description of a rumber of different properties of multiquanta processes.
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greater than the probability of thedr destruction, Whenu = 1, ay® 1, This con-

' cept of virtual temperature permits the following general conclusionss 1) the ma-
. ser effect at a pair of levels (Bacs Eg) is possible for quanta of the type Y,

¥ Veepy <0; 2) when v“,yr ~» 0,: the noise limit also tends toward ser0; -
" . 3) when u = 1, spin-photon and spin-phonon interactions permit photons and phonons - -

%o be genarated in masers and laseps only from magnons; when u>1l, either may be . -
generated from either; L) under steady conditions for a single-quantum maser ’
' effect, the inequality 1‘«@ < O does not alter the probability ratio of the

- B¢ & Eg relaxation transit}on. Orig. art, has: 3 formulas, '
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'+ iTOPIC TAGS: phonon, optical acoustical transition; orystal lattice cooling, light
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' ABSTRACT1 Two~quanta optical-agoustical transitions make possible selective :
'cooling of ths lattice relative to phonona of definite frequency, - Such transitions:
may bo used as wall for cooling the latbtice as a whols. The cooling process iss = !
@ system of weakly interacting particles with a discrete energy spactrum & 32\(83

ia irrediated by monochromatic Mght having a frequency Vo < h‘1(33-31) s where

‘h 1s Planck's constant., If the polarization of light is such that the optic . ,L'—
i:transition E e E; 18 forbidden by selection rules and the transition E, o g, :
l

i18 allowed for acoustical vibrations, thero will then occur two-quanta opticale

 acoustical transitions E) <) By with absorption of phonons hig « (By-E,)-bV, .

e,
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ABSTRAGT: Theoretical computations are made of the effect of excitation of =~
‘nuclear quadrupole resonance (NQR) in the domain walle of ferro- and antiferro=

wall at the quadrupole mucleus is due to the shift of the wall relative to the A

‘soparately. It io assumed that the relative shift of nuclei and walls takes place | [
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olectrics by application of ultrasonics or a variable electric field at the
resonant frequency. The variation of the electric field gradient inside the domain

nucleus (electric field eifect) or of the nucleus relative to the wall (ultrasonic ' o
effect)s These shifts have various amplitudes and at NQR frequencies are out of P
phase, hence the effects of ultrasonics snd the electric field can be considered -
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vhere § is the mumber of charges on particle i, o is electron charge, Q is the
quadrupole moment of nucleus i, § is the snti-shielding factor, (v, ) is the

average amplitude of variation of the electric field gradient component v 1 o

is the nuclear spin, and s is the direction of spontaneous polarisation. For 90° ‘xi
walls with perturbation by an electric field of amplitude E, - :
"?v.>=(4o'~ -t M.p(e—é.)}
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Hhere .4 13 the wall thielmua
ivy's For E - 0.6, :

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000824520007-3"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000824520007-3

M R R A - SN B

ACCESSION MRy Arhozamsa' A B TR RER

M.'@_-ﬂ ="’",“..°2.‘4' :
Then for ug, = 04 '
| "2':> ~10Y

-'(all values in cgs osu). orig. art. hasx 3 equationa. A;z;,

AASSOCIATION: Fiziko-tekhnicheskiy insbitut Kazanskogo tmm AN sssa (Inst.itute
-of Physics and ‘roclmohu, hnn Branch AN SSSR) et ‘ T

_DATE ACQ: 27Apr6b ENCL: 00| < ¢

i , oA

| SUBMITTED: oénec63

. suB conz‘:’_m'; ' N0 REF sovi ool . -7 omERs 007 |

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000824520007-3"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000824520007-3

A’,é:cnssrou NR: AP4009125 3/6056/63/045/006/2006/2008

AUTHOR: Nagibarov, V, R.;l(og!ﬁig%u.%m:

TITLE: Optoacoustic maser effect

SOURCE: Zhurnal ekasper. i teoret, fiziki, v, 45, no. 6, 1963,
2000-2008

TOPIC TAGS : maser, optoéédustic maser, multiquantum maser,
hypersonic vibration, anharmonic vibpation, small strain measure-
ment, millimeter wave,submillimeter wave , :

ABSTRACT: It is shown that in a maser system 1n which the working

process involves the annihilation of an electromagnetic quantum at .
one lrequency, the emission of a quantum at a different frequency :

and the creation of a quantum of potential energy,it is possible ' !
under suitable conditions to generate monochromatic quanta by using

the energy of the optical pump, The advantages of this multiquantum

maser over single-quantum ones are: (1) direet production of phonsns

Irom photons; %2) the effect occurs for normal level populations,
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. {in °K) on the order of 1 for the ,grodrnd state of Fe2+ in MgO, 30

- for the|excited si:a.te of Eu?+ in Can,.' 10 for Cr3+ exchangela pflirs

7 in Al 03, andj?lp-s. and 3 x 10-4"respec_{§:ive1y for l33Cs in ‘metal

-

and L 5In in InSh. ! It is shown®that, unlike adiabatic demagnetiza-
» tion, the method of de'fomationﬂcooling Yields low temperatures in!
i systems of excited particles. The possibility of using deformation
cooling for the polarization of electronic and nuclear spins is

g

{
' also considered with Eu2+ in Ca}:-j2 as an example. The feasibility

Ny "f of crystal cooling by deformation removal of degeneracy ‘of nonmag-
]
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' ABSTRACT; The author Investigates theoretically the possibility of
idirectly observing the interaction of ions with flelds of virtual T
particles, by exeiting resonance and relaxation transitions in quantun - §
systems through modulation of the probability for the emisslon ang :
1absorption of .wirtual particles by the ions. The spin system of

Fe2+ in MgO 1s coﬁsidered as an example. Ultrasound is used to efi‘e"c'_' “"
periodic changes in- the crystal vibration Bpectrum, in the symmetry of . SN
the 8pin-phonon interaction tensor, and 1in the distances betweengther-.«j N
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§1ons. This produces osclllations of the field of the virtual

‘at the Fe + ions ang by the same token produce acoustic magnetic

: resonance and relaxation absorption. An operator formalism, based

‘on irreducible tensor operators, 1s deseribeq for a description of
i some of the experimental results. Numerical estimates of the magni.-
‘tude of ‘the effect show that this type of acoustic

phonons |- .

" iin sound absorption with increasing concentration of
i Mg0, previously observed by D. J. Boler et al. (Rev.
‘33, 631, 1962) and hitherto unexplaineq. Orig,

Fe2+ lons in .
Scil. Instr. v, -
art. has: 13 formulas.
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TITLE: Magnetic neutron cdungggl
SOURCE: 1IVUZ. FPizika, no, 2, 1966, 87-91

TOPIC TAGS: particle counter, neutron counter, magnetic neutron
tounter :

ABSTRACT: Based on numerous gtudies of Crt? in Al,0; as the active
medium of masers and lasers, a mnagnetic counter is proposed for
recording energy spectra of neutrons and othar neutral elementary A
particles, e.g., neutrinos and antineutrinos, Operation of the pro=:= | - e
posed counter 1s based on the conversion of the kinetie energy of a - .
particle flux into quanta Nuyy = E; «Ep of the petential energy of N
magnetic particles of the medium in the inner field of the cryatal and | __
on the gubsequent count of spontaneously emitted photons of fraequaency
V21« General theoretical calculations show that by sufficient lowering

of the temperature, any degrea of sensitivity of thke counter can ba B
achieved, Unlike gome other similar elementary particle'councers. this 2
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device will react to any interactfon capable of producing parttcle
transition between levels Ej and Ej, Generally, such an interaction
fmpinging particle and, conge~
the direction of elementary
particle fluxes in space, In contrast to counters which uti{lize
nuclear reactifons and require a very high tnfcfal kinetic energy, this
device operates at an initfal energy > E;~E; = 100K, External noisa
has little effect on the operation of the davice at high frequencie&g
(AE > 100K), However, in the microwave and rf regions, the gengfe *
tivity threshold of ithe counter ts determined chiefly by this notige.
Both weak interactions of elenentary particles and neutrinos with
energies in the 0,025 ey——1 May range can ba recorded. Orig, art. has:
8 formulag, . . L o [SR]
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TITLE: Effect of collective interact
transfor processes eractions on the form of optical lines and energy

SOURCE:  Optika i spektroskopiya, v. 20, no. 5y 1966, 809-813

TOPIC TAGS: dipole interaction ectral 1ine, Browr
enerEy, potentiny enem yin l’ar:sdening » -1an motion, phonon, excitation
Y

gﬁ:‘gﬁ:&‘s go efﬁ:ct volootnx;i:h and magnetic dipole-dipole interactions on the

0 processes of diffision of excitations i 0 -
;:%h::inge sre treated, taking into account the processes of resonance and r:]:xhut:g:i
mecha sx;s n:f excitation transfer. Hg interactions (5 = 1, 2, 3), which determine
Hah roa e): i:g of spectral 1lines and the lifetime of optically active centers
acti.; .;. ‘,d the excited state Y » are discussed: (1) electric dipole-dipole inter-
getd :tate:'v%?;’ugl states; (2) orfital magnetic dipole-dipole interactions via vire |__
of phorare c,n- ijir . “::;gagzﬁe multtpoleﬁultipole interactions with the participation

tlon quanta, e mechanisms of res t

tial energy quanta (magnons) between particles are emamined.on::c:xp:eags:: :: z‘:‘n—

UDC:  535.337
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tained for the coofficient of diffusi L +
Y0, Orig. art. hast 9 formlas. . Ccitation energy for Cr3* in 1303 and
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/
TITLE: Quax{t.m-atatistical theory of Stark broadening of optical-resonance lines
SOURCE: Ref zh, Fizika, Abs. 3Dk25

REF. SOURCE: Tr. Komis. po spektroskopii. AN SSSR, t. 3, vyp. 1, 196k, 52-60

TOPIC TAGS: quantum statistics, group theory, Stark effect, quantum resonance
phenomenon, resonance line, spin orbit interaction, particle interaction, electro-
magnetic interaction

QBSTRACT: On the basis of the method of the quantum aftereffect function, a theory
is developed for the line contours of optical resonance in crystals at lov tempera-
tures. Allowance is made for the contribution due to the scatter of the intercryst-~

alline electric fields, the spin-orbit interaction constant, and two-particle electric

and magnetic multipole-multipole interactions. The operators of these interactions
are expressed in the form of & contraction of irreducible symmetrical tensors, corre-

|

P,

&

sponding to definite point symmetry groups. In the case of single-particle inter- [ _
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actions and samples with small concentration of the resonant particles, an explicit
closed expression is obtained for the sum of the perturbation series in terms of the
internal interactions in the crystal. [Translation of abstract]
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! properties. It is shown that the method of suppressing relaxation absorption by a ‘

|
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| static field makes it possible to obtain information on exchange reactions in

| f:rys-tilsl. The ef‘f.ect of exchange suppression of relaxation absorption was studied

! in nicke fluorc?mhcate and confirms the theoretical deductions, Measurements ar
made of the spin-phonon interaction constant in nickel. [Translation oy abstract] :
SUB CODE: 20/ ¥l

1

; 'Ccrd‘2/2

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000824520007-3"



CIA-RDP86-00513R000824520007-3

"APPROVED FOR RELEASE: 03/13/2001
‘ TACC NR: TAR7000842 SOURCE CODE: UR/0058/66/000/009/D049/D049

+ AUTHOR: Asaduilin, Ya., Ya.; Kopvillem, U, Kh,

* TITLE: Gradient acoustic paramagnetic resonance in liquids and gases
SOURCE: Ref. zh. Fizika, Abs. 9D389
: REF SOURCE: Sb. Tezisy dokl. Yubileyn. nauchn, konferentsii, posvyashch,

i XX-letiyu in-ta, Kazansk, fiz-tekhn, in-t, 1966, Sekts. fiz. n. Kazan', 1966,
44-48

TOPIC TAGS: electron paramagnetic resonance, nuclear magnetic resonance,
paramagnetic resonance, acoustic paramagnetic resonance, acoustic resonance,
ultrasonic excitation, forced particle motion, magnetic field, acoustic signal
conversion, spin induction, magnetic absorption, ultrasonic perturbation, nuclear
sSpin

ABSTRACT: The experimental determination of acoustic electron paramangetic
resonance (EPR) and nuclear magnetic resonance (NMP) in liquids and gases depends
on the magnitude of the thermal and acoustic displacement of molecules at the

resonance frequency, The determination is possible under ultrasonic excitation

ELCard 1/2
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of forced particle motion in the gradient of a magnetic field, bringing about a change !
in the degree of saturation in the acoustic conversion of EPR and NMP signals in the
same sample. The coherence of acoustic displacements makes it possible to
identify the effects of spin induction and echo; an analysis of mathematical expres-
sions for the magnitude of magnetic absorption as a function of ultrasound, band
width, and resonance frequency indicated the real possibility of observing these
effects in liquids and gases. An evaluation is made of the probability of the relaxa-
tional transfer of the magnetic nucleus as a function of the interactior: of ¢ With i
fluctuations in the electrical field for nuclei with an electric dipole mom ent/ae . X
The use of ultrasonic periurbation in depolarizing nuclear spins H," is shown to ’
improve the value of/ue when compared with the known value of 4¢ e for a neutron, ‘
The gradient absorption f sound may also be determined from the shift in the
threshold of laser generation, A, Vashman, [Translation of abstract] [SP]
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GRIGOR'YEY, Vladimir Kirillovich; KQPYARHIN, L.G,, red,: LAZAREVA
LY., tekhn.red. R o !

[State managemsnt of collective farms]
‘ si Gosudarstvennoe ruko-
vodstvo kolkhosami, Moskva, Izd-vo Mosk,univ., 1961, 56 p,

(MIRA 14:4)

(Colleotive farms)
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